A well known problem in supersymmetric models is the presence of, lepton and baryon number violating, dimension four operators. The traditional R parity solution may not be suitable if one tries to incorporate supersymmetry into a Planck scale theory. I propose a different solution in the context of realistic string models. I show that realistic string models can give rise to custodial nonabelian gauge symmetries under which only the leptons or quarks transform. I explain how such symmetries arise in a class of free fermionic models that are based on Z 2 ×Z 2 orbifold with standard embedding. The custodial symmetries forbid proton decay from dimension four operators while allowing R parity violation. † Work supported by an SSC fellowship.
Supersymmetry [1] is a phenomenologically appealing extension of the Standard Model. While LEP precision data strongly constrain other attractive extensions of the Standard Model, supersymmetry below the TeV scale is in good agreement with all experiments to date. Moreover, it is derived from superstring theory and provides a solution to the gauge hierarchy problem. However, despite this attractive properties, supersymmetry gives rise to dimension four, baryon and lepton violating, operators that result in fast proton decay. The dangerous dimension four operators are forbidden by postulating an extra matter parity symmetry.
In superstring theory [2] the problem is more severe because such a symmetry cannot be imposed at will. Early in the days of string inspired phenomenology it was pointed out that matter parity was not automatic in most string-derived models and that renormalizable dimension four operators were present in generic string vacua [3] . By going to a particular symmetric vacuum, these operators could often be avoided [4] . However to produce a realistic low energy mass spectrum it is, in general, necessary to perturb away from the symmetric points in moduli space.
When perturbing away from the symmetric point, it is difficult to envision how one can control the absence of dimension four operators.
In SO(10) based models absence of a cubic sixteen operator forbid the dimension four operators. However, the dangerous dimension four operators may still be induced from quartic sixteen operators, if one of the spinorial sixteen of SO (10) gets a GUT or Planck scale VEV, as such a VEV breaks matter parity. In terms of standard model multiplets the dangerous operators are
where N c L is the Standard Model singlet in the 16 of SO (10) . Φ is a combination of fields which fixes the string selection rules and gets a VEV of O(M/10), where
. From Eq. (1), it is seen that the ratio N c L /M controls the rate of proton decay. A search through nonrenormalizable terms shows that terms of the form of Eq. (1) are, in general, generated in string models [5, 6] . An additional 1 U(1) Z ′ that is unbroken down to low energies suppresses the dangerous dimension four operators in SO(10) based models. The problem with this solution is that often the scale of U(1) Z ′ breaking is the scale of a see-saw mechanism that suppresses the left-handed neutrino masses. While in field theory this scale can be near the TeV scale, in superstring models, because the terms in the seesaw mass matrix are usually obtained from nonrenormalizable terms, the scale of U(1) Z ′ breaking is often required to be much higher [9] .
In this paper I propose that in string theory a different mechanism is required.
In this mechanism custodial nonabelian symmetries are obtained under which only the leptons or quarks transform. The custodial symmetry then allows only baryon or lepton violating dimension four operators but not both. Therefore with the custodial nonabelian symmetries R-parity may be broken close to the Planck scale but proton decay from dimension four operators is suppressed. I construct a toy model to illustrate this mechanism. In this model the Standard Model leptons transform under a custodial SU(2) symmetry. In the toy model the custodial symmetries arise due to additional space-time vector bosons that are obtained from twisted sectors. These twisted sectors are obtained from boundary condition vectors that break the SO(10) symmetry and correspond to "Wilson lines" in the orbifold formulation. Contrary to the gauged B − L symmetry that arises in string models solely from the world-sheet gauge degrees of freedom [7, 8] , the custodial symmetries arise from mixture of the gauge and internal degrees of freedom. I discuss some additional aspects of similar extended symmetries and their possible phenomenological implications.
The superstring models that I present are constructed in the free fermionic formulation [10] . In this formulation all the degrees of freedom needed to cancel the 
where α(f ) is the boundary condition of the world-sheet fermion f in the sector α, and F α (f ) is a fermion number operator counting each mode of f once (and if f is complex, f * minus once). For periodic fermions, α(f ) = 1, the vacuum is a spinor in order to represent the Clifford algebra of the corresponding zero modes.
For each periodic complex fermion f there are two degenerate vacua |+ , |− , annihilated by the zero modes f 0 and f 0 * and with fermion numbers F (f ) = 0, −1, respectively.
The realistic models in the free fermionic formulation are generated by a basis of boundary condition vectors for all world-sheet fermions [8, [11] [12] [13] [14] [15] . The basis is constructed in two stages. The first stage consist of the NAHE set [12] , which is a The low energy phenomenological requirements impose strong constraints on the possible assignment of boundary conditions to the set of of internal world-sheet fermions {y, ω|ȳ,ω} 1,···,6 [12] .
For some choices of the additional basis vectors that extend the NAHE set, there exist a combination
for which X L · X L = 0 and X R · X R = 0. Such a combination may produce additional space-time vector bosons, depending on the choice of GSO phases. For example, in the model of Ref. [13] the combination 
The gauge group arises as follows: the NS sector produces the generators of
where
U (1) respectively, where summation on j = 5, · · · , 7 is implied.
The sector 1 + α + 2γ produces two additional space-time vector bosons, which are singlets of the nonabelian group but carry U(1) charges. One combination of the U(1) symmetries
is the U(1) of the custodial SU(2) symmetry. The two space-time vector bosons from the sector 1+α+2γ produce the two additional vector bosons of the custodial SU(2) gauge group. The remaining orthogonal combinations are
The full massless spectrum now transforms under the final gauge group,
(a) The Neveu-Schwarz O sector gives, in addition to the graviton, dilaton, antisymmetric tensor and spin 1 gauge bosons, the following scalar representations: 
The two orthogonal combinations are not unique. Different choices are related by orthogonal transformations. One choice is given by:
Together with the other anomaly free U(1)s, they are free from gauge and gravitational anomalies. The cancelation of all mixed anomalies among the U(1)s is a non trivial consistency check of the massless spectrum of the model. The "anomalous"
U(1)
A is broken by the Dine-Seiberg-Witten mechanism [18] in which some states in the massless spectrum obtain nonvanishing VEVs that cancel the anomalous (2) c (see table 1 
is forbidden due to invariance under SU(2) c . Thus, the VEV of N c L can be of order M P l , and although it breaks matter parity, it does not imply proton decay from dimension four operators. While the lepton number violating dimension four operator, QLd c , is allowed and may be unsuppressed, baryon number violating dimension four operators are forbidden. An important implication of R parity violation is that the lightest supersymmetric particle is unstable. Analysis of models that allow this type of matter parity breaking has been extensive and I refer the interested reader to the literature [19] . The Yukawa couplings Qd c h, Qu ch and Le c h are invariant under the custodial SU(2) c symmetry. Therefore, the same fermion mass textures are expected to arise as in the models in which the custodial SU (2) is absent [6, 20] .
A similar mechanism may be possible in the case of superstring flipped SU (5) models [11, 15] and other string GUT models [17] . For example, additional gauge symmetries from twisted sectors were shown to arise in the flipped SU(5) model 8 of Ref. [15] . The extended symmetries arise because of the existence of a sector in the additive group, of the form of Eq. (3), with X L · X L = 0. Such a sector exist in the additive group because of the assignment of boundary conditions to the set of internal world-sheet fermions {y, ω|ȳ,ω} 1,···, 6 . In terms of flipped SU (5) representations the dimension four operators arise from the operator
where F and H are in the 10 representation of SU (5) andf is in the5 representation of SU (5). The decomposition under standard model representations is:
The neutral state in H obtains a GUT scale VEV and breaks the SU (5) 
such a VEV, in general, generates also the dangerous dimension four operators. In the presence of custodial nonabelian gauge symmetries, similar to the one shown to arise in some standard-like models, the dangerous operators may be forbidden due to the custodial symmetry.
Extended symmetries from twisted sectors may have additional phenomenological implications. In Ref. [21] extended gauge symmetries from twisted sectors were sought in type II superstring in order to circumvent the no go theorem of Ref. [22] . Examining the GSO phases in the superstring standard-like models it is observed that different choices of GSO phases result in different extensions of the gauge group. For example, in the model of Ref. [13] extended gauge symmetries may arise from the sector
With the choice of GSO phases in Ref. [13] all the extra gauge bosons are projected out by the GSO projections. However, with the modified GSO phases The possible R parity violating terms are specified explicitly in specific models.
Consequently, the specific low energy predictions are expected to be different from the low energy phenomenology of the MSSM. (1,1) (1,1) (1,1) 
